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@ System and method for flow triggering of breath supported ventilation. 



(g) The system and method for flow triggering breath supported ventOatton include a source (12, 14) of a 
predetennined. preinspiratory, constant flow of breathing gas to a patient, one or nmra flow sensors (16, 
18, 32, 41, 42. 43) for measuring the rate of gas flow in a flow path communk:ating with the patient, 
means (46) for detennining when inhalation from the flow path has occuned, and means (20, 22) for 
generating breath support in the delivered gas flow In response to inhala- tion by the patient, means (44) 
to terminate breath support when inspiratory phase concludes, and means (46) to re-estat}iish the 
predetermined, preinspiratory, continuous flow of breathing prior to the patient's next inspiratory effort 
A plurali^ of individual gas sources (12. 14) preferably provide a controlled nvxhjre of tHBathing gas. In 
combination with breath support to the patient during the inspiration effort, the flow triggering strategy 
of the invention offers signrficant improvements in providing t>reath support to patients hav^g 
weakened respiratory capabilities. 
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This invention relates generaJly to breathing ven- 
tilators, and more particularly relates to a pneumath 
caily driven, electronically controlled, ventilator 
systenn for providing breathing gas to a patient, and a 
system and method for flow biggering breath support s 
during patient-initiated spontaneous breathing. 

Breathing ventilator systems conventionally pro- 
vide a breattiing gas for either non-pressure suppor- 
ted breaths during inspiration at a pressure level 
typically no more than 2 cm. of water above or below io 
the pressure t>aseline or pressure-supported breaths 
of breathing gas at a support pressure during inspi- 
ration as high as 70-100 cm. of water. Pressure sup- 
port is also known in the art by other names, e.g. 
inspiratory assist, pressure assist, or inspiratory is 
pressure assist Such t>reathing gas is often 
supplemented with a higher proportion of oxygen than 
is found in the ambient atanosphere. The respiration 
work perfonned by a patient on a ventilator may be 
divided into two major components: the work to initiate 20 
a breath and the work to sustain a breath. It is desir- 
able to reduce the effort expended by the patient in 
each of these phases, since a high level of such effort 
can cause further damage to a weakened patient or 
be beyond the capabOities of small or disabled 25 
patients. As discussed below, a variety of strategies 
and systems have been developed to address these 
problems, kMJt important issues still remain in the 
reduction of work demanded by ventilators to conrv 
mand and sustain a breath. 30 

Ventilators presently known in the art are conrv 
manded to deliver inspiration support, or a specific 
flow of breathing gas during an Inspiratory phase of 
breathing, based upon a "pressure trigger" as des- 
cribed below. With such a system, when a patient's 35 
spontaneous inspiratory effect withdraws a small 
volume of gas from the breathing- gas circuit, the cor- 
responding drop in pressure in the closed ventilator 
circuit is monitored, and when a predetenmined trig- 
gering pressure threshold is reached, a control 40 
ntechanism causes the ventflator's pneumatic system 
to deliver breathing gas at the desired pressure or flow 
rate. This activation of the ventilator cycle by means 
of a patient-induced negative pressure may be termed 
"pressure triggering". A certain anruiunt of lag time and 45 
associated negative pressure always occurs between 
the onset of inspiratory effort and the time that the gas 
pressure or flow reaches the patient's airway. This lag 
time (or delay) is generally refenned to as a ventilator's 
response time, and commonly occupies a small but 50 
significant portion of a patient's total inspiration time. 

To circumvent or overcome the problems 
associated with breath triggering in the context of a 
dosed ventilator circuit, a continuous flow system 
may be employed. To ensure that the patient receives 55 
a flow of breathing gas immediately upon initiatnn of 
an inspiratory effort and with the appropriate oxygen 
concer>- tration, a flow regulator is positk>ned at the 



inlet of the breathing-gas circuit to deliver a constant 
gas flow in excess of the peak-flow demand expected 
from the patient This "continuous flow" approach 
el^inates the ventilator's delay time and significantly 
reduces the negative pressure work associated with 
closed ventilator systems. 

An advantage of the continuous gas flow (avail- 
able in an open breathing-gas system) is that a 
patient's inspiratory effort results in an immediate flow 
of breath- ing gas into his/her trachea, without the 
delays and with less negath^e pressure work inherent 
in closed ventflator systems. Thus, It wouM be desir- 
able to provkie pressure support to a patient in an ini- 
tially, open continuous^ow system rather than from a 
closed breathing gas system. It would also t)e desir- 
able to provide a method and system for triggering 
breaths which can be made to be more sensitive than 
prevKMJS pressure-based strategies. 

The invention provides a method of flow trigger- 
ing of breath supported ventllatk)n in a functk>nally 
open breathing-gas circuit, which method comprises: 

delivering a predetermined rate of flow of bre- 
athing gas from a source to a patient and generating 
breath support in the detenmined flow of gas when the 
patient inhales characterised in that inhalatk>n is 
determined by measuring the change in the rate of 
gas flow in said venb1atk>n flow path due to inhalation; 

tnreath support in saki delivered flow of gas is 
provided when said change in the rata of gas flow due 
to inhalation exceeds a predetermined threshold 
value; and 

restoring the preinspiratory. continuous flow of 
breathing gas to a predetermined vahie before the 
patient's next inspiratory effort 

The invention further provides a system of flow 
triggering breath support ventilation for use in a func- 
tionally open breathing-gas circuit having means to 
supply a predetermined, preinspiratory, continuous 
gas flow from a source of l>reathing gas to a patient 
via a flow path characterised by flow sensor means for 
measuring the rate of gas flow in said flow path due 
to inhalation; 

means responsive to sakJ flow sensor means 
for generating breath support in saki delhrered flow of 
gas when said change in the rate of gas flow due to 
inhalation exceeds a predetermined value; and 

nr^ans for restoring the preinspiratory. continu- 
ous flow of a breathing gas to its predetermined value 
before the patient's next inspiratory effort. 

A specific example of a ventilator system accord- 
ing to the invention will now t>e described with refer- 
ence to the accompanying drawings. In which:- 
Figure 1 is a schematic diagram of a flow-trigge- 
red, open circuit ventilation system; 
Figure 2a shows a graph of pressure measure- 
ments over time for a typical pressure-triggered 
breath without pressure support; 
Figure 2b shows a graph of flow measurements 
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over fame for a typical pressure-triggered breath 
\^fthout pressure support; 
Figure 3a shows a graph of pressure measure- 
ments over time for a typical pressure-triggered, 
pressure-supported t)reath; 
Figure 3b shows a graph of flow measurements 
over time for a typical piessure-triggered. press- 
ure-supported breath: 

Rgure 4a shows a graph of pressure measure- 
ments over time for a typical flow-triggered, 
pressure-supported breath: 
Rgure 4b shows a graph of flow measurements 
over time for a typical flow-triggered, pressure- 
supported breath: 

Rgura 5a is an Slustration of the patient flow dur- 
ing a single patient breath in a oonventional sys- 
tem; 

Rgure 5b is an illustration of the flow delivered by 
the ventilator using the exhalation-flow reduction 
scheme of the present Invention. 
As is shown In the drawings, which are included 
for purposes of illustration and not by way of limitation, 
the invention is embodied in a system for flow trigger- 
ing a breath support ventilation system which reduces 
the patient work of breathing, provides improved trig- 
gering of various types of breath support and allows 
improved manage- ment of the breath support during 
a breath. The flow- triggering system is used in patient 
ventiiatidn systems having a source of breathing gas 
for a patient a flow- path communicating with the 
patient, and flow-sensor means for measuring the gas 
flow to and from the patient The breathing-gas source 
provides a predetermined, pre- inspiratory, continu- 
ous rate of flow of breath gas to the patient and the 
fiovy-sensors measure the rate of gas flow to and from 
the patient The system determines the difference be- 
tween the measured flow rate from the patient and the 
predetermined rate of delivered gas flow to the 
patiant The system then generates breath support in 
the delivaredflawof gas when the difference between 
the flows to and from the patient equals a predeter- 
mined threshold or trigger value. The breathing gas 
may ba enriched with a higher concentration of 
oxygen than normal air. The source of breathing gas 
may include more than one individual gas source and 
may also include a device for mixing and controlling 
the proportions of the individual gases. The system 
also preferably Includes means for determining when 
exhalation occurs, so that breath support may be dis- 
continued unta it Is again triggered. 

Rgure 1 is a schematic of a present system for 
flow tr^gering ventilation according to the present 
invention. In the currently preferred embodiment, the 
system 10 includes a source of oxygen gas (O2) 12. 
which Is typically a pressurized tank of oxygen, and a 
source of acr 14, which may also consist of a hlgh- 
prassura tankof air. The sources of air 14 and oxygen 
12may also typically include pressure regulators. The 



air supply source may also comprise an air compres- 
sor which supplies air taken from the anibient atmos- 
phere. Other conventional sources of pressurized 
oxygen and air in hospital or patient-care settings 
5 would also t>e appropriate. 

The source of oxygen is connected to a flow 
meter 16 in the oxygen line 17, and a similar flow 
meter 18 for the air source 14 is provided in the air line 
19. The oxygen line 17 delivers oxygen to its pro- 
10 portional solenoid valve 20. and the air line 19 simi- 
lady delivers air to its proportional solenoid valve 22. 
the two valves releasing oxygen and atr for m'aing in 
the mbdng chamber 24. Valves other than pro- 
portional solenoid vah/es and mixing means other 
IS than mixing chamber 24 may also be appropriate. The 
mixed gas is delivered from mixing chamber 24 
through the airway conduit 26 to the patient wye fitting 
27, which is connected to the patient breath- ing 
attachment 30 by breathing tube 28. The breathing 
20 attachment 30 may be simplifled or replaced by other 
breathing means in certain implementations. In these 
implementatbns the breathing-gas flow may be delh 
vered to the patient by means of a breathing tube (arti- 
ficial airway) or by a breathing mask or other means 
25 for delhfer- ing breathing gas to the patients trachea. 
In either implementatk>n and prior to and immediately 
after the inspiratory flow, flow meters 16 and 18 nKini- 
tor the flow of gas to the patient during the continuous 
flow of gas from the oxygen and air sources (up to and 
30 including the time at which the patient's inspiratory 
flow equals tiie triggering threshold flow signal) and 
during exhalation. Exhalation gas from ttie patient 
area flows through the exhalation conduit 34 and 
exhalation flow meter 43. The difference between the 
35 sum of flow meters 16 and 18, and exhalation flow 
meter 43 provides a measurementof flow of breathing 
air inhaled by the patient from the continuous flow of 
breathing gas delhfered to the patient from ttie oxygen 
and air source means. To assist control of the delivery 
40 of breathing gas to the patient the flow-control 
algorittim may mnitor flow sensors 16. 18 and 43. Dur- 
ing operatkin of the flow-friggering ptiase and for the 
restoration of the preinspiratory. continuous flow dur- 
ing exhalation and prior to the patient's next inspi- 
45 ration, flow sensors 16. 18 and 43 become primary 
inputs to the flow-control algorithm prior to the initia- 
tion of ttie inspiratory effort immediately after ttie 
inspiratory effort and during exhalation when tiie 
preinspiratory, continuous flow is being rees- 
50 tablished. 

Beginning witii and immediately after the 
patienTs inspiratory effort the flow of breathing gas to 
the patient will exceed the flow of breaUiing gas from 
the patient and the difference between the flow to and 
55 from the patient is compared witti a predetermined, 
•flow- trigger" threshold level. This measurement of 
flow inhaled by the patient is used for triggering the 
initiation of pressure-supported inspiration alttiough 
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other types of breath support routines may also 
benefit from the fiow-trjggering method of the inven- 
tion. Such other patient initiated, support t>reaths 
includes those known in the art as pressure control 
ventilation (PVC). and its variants with volume priority 5 
or guarantee and inverse ration ventilation; ainnray 
pressure release ventilation (APRV) and its variants 
BIPAP and synchronized ARPV; proportional assist 
ventilation (PAV); and volume priority pressure sup- 
port ventilation, and the like. In a prefenred embodi- io 
ment. prior to return of the exiting or exhalation gases 
to the ambient atmosphere, said gases are passed 
through a fluid collector vial 36 and a heated bacteria 
filter 38 provided in the exhalation conduit line. A 
pressure transducer 40 for nrwasuring the pressure is 
during both inspiration and exhalation may also be 
provided in the exhalation conduit 34. The system 
may also include an exhalation valve 44 to dose the 
system to allow breaths and to open the eystem for 
exhalatkin to the atmosphere, to thereby return the fil- 20 
tered and cleaned exiting gas to the atnrK)sphere from 
the open ventilator systent 

The invention may use other methods for measur- 
ing the inhaled flow by tiie patientfrom the preinspirat- 
ory, continuous flow of breathing gas. A flow meter 32 25 
may be placed between the patient wye 27 and the 
patient attach- ment 30 to measure patient inhalation 
flow directiy. Altematively, or in addition to flow meter 
32, a delivery flow meter 41 may be provided In the air 
way conduit 26 for measuring the flow of mixed brea- 30 
thing gas delivered to the patient, and an exhalation 
flow meter 42 may be installed m the exiting ain/ay 
conduit 34 for monitoring the flow of gas from the 
patient during inspiration effort and exhalation. The 
difference between flow meters 41 and 42 also pro- 35 
vkles a measurement of flow inhaled by the patient 
from the preinspiratory, continuous flow of breathing 
gas from the source means. 

It wQI be understood by those skBled in the iart that 
any combination of signals from flow meters 16, 18. 40 
32, 41, 42 arid 43 may be used for sensing and 
measuring the flow inhaled by the patient for use as 
a flow-trigger s^nal for inspiration. 

An electronic control means 46. preferably includ- 
ing a microprocessor for controlling all of the functions 4S 
of the ventilator control system, is connected to the 
oxygen-source flow meter 16, the air source flow 
meter 18. the oxygen proportional solenoid valve 20. 
the air propbrttonal solenoid valve 22, the patient 
exhalation flow meter 43, and any additional flow so 
meters (41) in the inspirational ainway conduit 26. the 
patient wye flow meter 32. or flow meters (42) in the 
exiting for exhala- tion ainAray conduit 34. Qectronic 
control means 46 compares the rate of flow to the 
patient through the patient wye 27 as derived by any 55 
of the prevk)usly discussed means, with a predeter- 
mined flow threshold level to detect whether the 
patienf s inspiratory effort has met the criterion for trig- 



gering pressure support by operation of the pro- 
portional solenoid valves 20, 22. The control means 
46 also controls the proportional mixing through the 
proportional solenoki valves 20, 22. The control 
means 46 also control the proportional mixing through 
the proportk>nal solenoid valves 20. 22 and operates 
to open the exhalation valve 44 and cause the pro- 
portional solenoid valves 20. 22 to discontinue press- 
ure support when the exhalation effort of the patient 
is detected, retuming the flow of breathing gas to the 
patient to tiie preinspiratory level of continuous flow in 
readiness for the patient's next inspiratOTy effort 

The fk>w triggering of breattis involves monitoring 
the flow of inhaled gas from the continuous flow of bns- 
athing gas delivered to the patient, which reduces the 
energy required from the patient to initiate a ventilator 
breath, and turning on the inspiratory pressure sup- 
port when tiie patient's inspiratory flow meets the trig- 
gering criterion. The continuous, minimal flow of 
breathing gas delivered into the breathing circuit prior 
to tiie initiation of the inspiratory effort serves two 
functions: Rrst. the continuous flow converts the rwr- 
mally closed breathing-gas circuit into one that is 
functionally open. Second, the continuous flow 
establishes a highly stable flow of t>reathing gas 
which can be nfK>nitored by the flow sensing means to 
determine when the patient begins his or her inspirat- 
ory effort This flow triggering approach converts the 
initial worfc of inspiration from an essentially isometric 
effort to a quasi-isotonic effort Both the level of con- 
tinuous flow and the required change In flow due to 
inhalation for inspiratory support trigger- ing may be 
adjusted through the control means. 

As prevk>usly discussed, the energy expended by 
a patient while breathing on a mechanical ventilator 
can be divided into two components. The fust compo- 
nent is the energy required to trigger the ventflator to 
begin the inspiration. The second component is the 
energy required to maintain adequate gas flow once 
the ventilator has been triggered to deliver inspiratory 
support. 

A primary purpose of the pressure support mode 
of ventilation is to reduce the second energy compo- 
nent. This is accomplished by providing a positive 
pressure level during the inspiratory phase of the 
breath. This positive pressure may be used to reduce 
or negate the imposed work due to the resistance of 
the artificial airway, and/or the resistance and com- 
pliance inti-insic to the patienf s respiratory system. In 
extremely weak patients, the application of pressure 
support can provMe sufficient tidal volumes without 
using assist-control ventilatton. and can thereby 
increase patient comfort while retuming to the patient 
some measure of control over his or her breathing pat- 
tern. Patients have been shown to expend less work 
or energy in breathing when pressure support Is used. 
This can have important implications when weaning 
patients from the ventilator, since the patient nrtust 
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then be progressivety strengthened to breath without 
the pressure support to inspiration. 

Rgures 2a and 2b show traces of pressure over 
time and flow over time, respectively, as they vary 
from the patient pressure baseline 50 (Figure 2a) and s 
the patient flow baseline 52 (Figure 2b) for a typical 
spontaneous, non-pressure supported, ventilator- 
deliveied breath. In Rgure 2a. the area under press- 
ure-tima trace 53 which is below the pressure 
baseline 50 represents the work being done by the io 
patient The portion of the curve 53 in the pressure- 
tan© trace between point A and point B at the pressure 
trigger level 54 depicts the portion of this work 
required to trigger inspiratory support The portion of 
the curve between points B and C represents the is 
r^aining work of inhalation 58 required to maintain 
an adequate gas flow to satisfy the inspiratory 
demands of the patient In other terms, the area be- 
tween B and C represents the work required of the 
patient to sustain the breath. Note (with respect to the 20 
piBSSura baseline 50) that as shown in Figure 2a. the 
pressure is negative thiDughout inspira- tion, indicat- 
ing that the patient is perfonming work during this 
entire period. It should also be noted that the peak 
negative pressure required of the patient is the level 25 
55 noted on Figure 2a The exhalation phase 60 
begins at the end of the tnhalatton phase. Figure 2b 
shows the flow rates conresponding to the pressure- 
time curves of Rgure 2a. It is evident that the flow prior 
to B, the point at which the pressure triggering is 30 
effecting is very low and that substantial woik is still 
performed by the patient between B and C. even 
though the pneumatic system was cycled on at B. 

Rgure 3a and 3b show traces of pressures over 
tim3 about a patient pressure baseline 62. and flow 35 
overtime about a flow baseline 64. respectively, for a 
typical pressuTB-triggOTd. pressure-supported breath. 
Once the breath is triggered at B representing the 
pressure trigger level 66, the ventilator creates a posi- 
tive pressure to reduce the patient's work of Inspi- 4o 
ratbn. Prior to the inspiration cycle 68, a negative 
pnassura, and therefore an expenditure of energy by 
tha pattant is required to trigger the breath. Pressure 
support is discontinued when the patient exerts an 
expiratOTy effort of when flow into his/her lungs dec- 4s 
lines to a preselected value. At this point the patient 
begins the exhalation phase 70. It may be seen that 
the flow level at the time of taiggering 72 was relatively 
tew, but rapidly increased in response to the pressure 
support supplied after pressure triggering. However. so 
there remains a substantial amount of work which 
must be expended by the paUent for this scheme as 
well. 

As aiustrated in Rgures 4a and 4b. the present 
invenlfon's combination of flow triggering with press- 55 
ur© support (with an appropriate selection of the sup- 
port pressure) can reduce the energy expenditure by 
the patient to a virtually negligible level. 



Rgures 4a and 4b show traces of pressure over 
lime about a patient pressure baseline 74, and flow 
over time about a flow baseline 78. respectively, for a 
typical, flow-triggered, pressure-supported breath 
according to one embodiment of the present inven- 
tion. Comparison of Figures 3a and 4a shows that the 
pressure 66 required for pressure triggering is rrwre 
negative compared with the pressure 76 resulting 
from flow triggering. The negative pressure compo- 
nent 66 (in the pressure-triggering example of Figure 
3). representing the work done by the patient is sutK 
stantial, whereas the negative component 76 (with 
flow-triggering example. Figure 4) is minor. The flow 
80 to the patient can be seen to be higher at the flow 
trigger level in the flow triggered system of Rgure 4b 
than the flow level 72 in the pressure triggered system 
of Figure 3b. With respect to the flow-triggering traces 
in Figure 4, both the less negath^e triggering pressure 
and the higher inspiratory flows earty in the breath, 
compared to the pressure-biggered traces of Figure 
3 result from the physical differences between the 
flow systems. In the flow-triggered case, the patient 
inhales from a functionally open system (i.e., the 
patienfs earliest flow demands are met by the 
preinspiratory, continuous flow), whereas in the 
pressure-friggered case, the patient inhales from a 
closed system (te^ the patient receives no flow until 
the pressure-trigger threshokl is reached). Thus. It 
can be seen that the combination of flow triggering 
with pressure support of the present invention 
reduces the energy expended by the patient to trigger 
inspiratory support and also reduces the patient 
energy required to maintain the inspiratory phase. 
Thus, by combining flow triggering with pressure sup- 
port according to the present invention, the work done 
by the patient to trigger pressure-supported breathing 
is minimized while the appropriate selectton of the 
support pressure allows the patienrs inspiratory wortc 
to be set at a desired level. From the above, it may be 
seen that the work associated with the Interval A-B In 
Figures 2 and 3 may be substantially reduced with the 
present Invention as illustrated by the interval A-B of 
Figure 4. Thus, whSe the patient woric of Figure 3 is 
lower than that of Figure 2. representing the differ- 
ence between pressure triggering of flow support and 
pressure triggering of pressure support, thelatterrep- 
resenting a nrwre aggressive technique for support to 
a pressure triggered system. The present invention 
further minimizes the patient wortc compared to these 
previous strategies. 

While pressure support of ventilation has a num- 
ber of advantages as discussed above, the attendant 
h^h pressures in the exhalation linnb of the patient's 
breattiing-gas circuit during the exhalation phase of 
the flow triggered pressure supported breath can be 
a cause of concern for the patient unless they are 
carefully controlled. Pressures above the PEEP 
(baseline pressure value) generally indicate that the 
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patient's lungs are hypeMnflated. These events can 
place the patient's diaphragm and accessory inspirat- 
ory muscles in a positton of relative inefficiency and 
may impose a higher work of t)reathing on the patient 
If the patient is alert, he/she may also attempt to for- 5 
cefully exhale to PEEP (t>aseline pressure value), 
which also adds extra work to the breath effort Thus, 
it would be desirable to maintain the lowest possible 
pressures in the patient breathing circuit during exha- 
latton. A long-recognized disadvantage of the earlier io 
developed, continuous flow concept was the pre- 
sence, in the exhalation limb of the patient's brea- 
thing-gas circuit of the practitioner-selected, 
continuous flow in addition to the patient's own exha- 
le- tion flow. This constant extra flow elevated the is 
pressure in the patient's breathing-gas circuit (during 
exhala- tk>n), which could also lead to problems simi- 
lar to those discussed above. 

The present invention of flow triggering can be 
configured to minimize this extra, non-patient gener- 20 
ated exhalation flow in the patient's breathing-gas cir- 
cuit According to a preferred embodiment of the 
invention, when the ventiltor declares exhalation and 
(opens the exhala- tion valve) the pre-inspiratory. 
continuous flow of breathing gas is set to a minimal 25 
value. This minimal value is maintained throughout 
the most active phase of the patient's exhalation, then 
it is reset by the ventilator to the specified value for the 
pre-inspiratory. continuous flow of breathing-gas, in 
anticipation of the next inspiratory effort. 30 

Figure 5 illustrates the function of this preferred 
embodiment Figure 5a illustrates the patient flow 
above and below baseline in a system of pressure 
supported breathes as previously described. Figure 
5b Olustrates the flow support time history delivered by 3S 
this preferred embodiment in which the flow is 
reduced during the early exhalation period and then 
returned to the practitioner selected continuous base 
flow. By using this scheme, the over-pressurization of 
the patient* s airway is avoided during the eariy period 40 
exhalation, thus reducing the woric performed by the 
patient and limiting the undesirable effects described 
above. 

It may k>e seen from the foregoing description that 
the system and method of the present invention allow 4S 
for reduction of patient discomfort and work of ven- 
tilator supported breathing by maintenance of a 
preinspiratory. continuous flow of breathing gas to the 
patient and by flow triggering of inspiratory support In 
combinatnn with pressure support to the patient dur- so 
ing the inspiration effort, the flow biggering strategy of 
the invention offers signficant improvements in provi- 
ding breath support to patients having weakened res- 
piratory capabilities. 



Claims 

1 . A method of flow triggering of breath support ven- 
tilation in a functionally open breathing-gas dr- 
cuit which method comprises delivering a 
predetermined rate of flow of t)reathtng gas from 
a source (12. 14) to a patient and generating 
breath support in the detenmined flow of gas when 
the patient inhales: 

characterised in that inhalation is deter- 
mined by measuring the change in the rate of gas 
flow in said ventilatton flow path due to inhalatton; 

breath support in said delh^ered flow of gas 
is provided when sakl change in the rate of gas 
flow due to inhalatk>n exceeds a predetermined 
threshold value; and 

restoring the preinspiratory, continuous 
flow of breathing gas to a predetemiined value 
before the patient's next inspiratory effort 

2. The method of Claim 1 . characterised in that said 
flow path includes an inhalatton (26) and exha- 
lation flow path (34) Into and from said patient and 
said source of t)reathing gas and said flow path 
meets at a junction (27) coirenunteating with the 
patient and the step of deter- mining the rate of 
gas flow in said flow path comprises measuring 
gas flow at the portion of the junction (27) com- 
municating with the patient 

3. The method of Claim 1 . charactertised in that said 
flow path includes an exhalation flow path (34) 
from said patient and an inhalation flow path (26) 
to the patient and in that said step of determining 
the rate of gas flow into and from said patient 
comprises perfomning measure- ments at at least 
one portion in the inhalation flow and at at least 
one position in the exhalation flow. 

4. The method of Claim 1 , characterised in that said 
flow path includes an exhalation flow path (34) 
from said patient and said measurement of said 
change in the rate of gas flow in said flow path Is 
measured in at least one bcation in said exha- 
lation flow path (34). 

5. The method of Claim 1 , further including the step 
of discontinuing said breath support when the 
flow rate in said flow path drops below a predeter- 
mined value. 

6. The method of Qaim 1 , further indudtng the step 
of discontinuing said breath support when the 
pressure in said flow path rises above a threshold 
value. 

7. The method of any of Claims 1 to 6, further indud- 
ing the step of redudng the flow rate provided by 
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the ventilator during the eariy stages of the 
patient's exhalation process for a predetermined 
period of tifne. 

8. The method of any one of Claims 1 to 7, wherein 5 
said t>reath support comprises pressure support, 
pressure control ventSation and variants thereof, 
airway pressure release ventilation and variants 
thereof, proportional assist ventilation, or volume 
priority pressure support ventilation. 10 

9. A system of flow triggering breath support ventila- 
tion for use in a functionally open tireathing-gas 
circuit having means to supply a predetermined, 
preinspiratory. continuous gas flow from a source is 
of iKeathing gas (12, 14) to a paHenl via a flow 
path (17, 19. 26. 34) characterised by flow sensor 
means (16, 18, 32. 41. 42, 43) for measuring the 

rate of gas flow in said flow path due to inhalation; 

means (46) responsive to said flow sensor 20 
means (16. 18. 32, 41, 42, 43) for generating 
breath support in said delivered flow of gas when 
said change in the rate of gas flow due to inha- 
lation exceeds a predetemiined value; and 

means (46) for restoring the preinsplrat- 25 
ory, continuous flow of a breathing gas to its pre- 
detenmined value before the patient's next 
inspiratory effort 

10. The system of Qaim 9, characterised in thai said 30 
flow path includes an inhalation (26) and exha- 
lation (34) flow path into and from said patient. 

and said inhalation and exhalation flow paths 
foim a junction (27) communicat- ing with the 
patient, and wherein said flow sensor means (32) 35 
for measuring the rate of gas flow into said patient 
is located at said junction (27). 

11. The system of Claim 9, characterised in that said 
flow path includes an exhalation flow path (34) 40 
from said patient, an inhalation flow path (26) to 
said patient, and said flow sensor means for 
detenmintng the change in the rate of gas flow into 

and from said patient comprises at least one flow 
sensor (42) located In at least one location in said 45 
exhalation flow path (34) and at least one other 
flow sensor (41) in at least one other location in 
said inhalation flow path (26). 

1Z The system of Claim 9. further comprising a so 
plurality offlowsensormeans (16. 18. 32.41,42, 
43) and a control means (46) for measuring the 
gas flow rate at at least one of the flow sensor 
means (16. 18. 32, 41. 42. 43). 
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